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© A semiconductor laser device. 



in 



© A semiconductor laser device includes a sub- 
strate {11); a double hetero structure having an n- 
type cladding layer (13), an active layer (15), and a 
p-type cladding layer (18), which is formed on an 
upper face of the substrate; and electrodes (111,112) 
formed on a lower face of the substrate and on an 
upper face of the double hetero structure, wherein 
the double hetero structure further includes a p-type 
hetero-barrier layer (16) formed between the p-type 
cladding layer and the active layer, which is strained 
by compression due to a lattice mismatch. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a semiconduc- 
tor laser device, and more particularly to a semi- 
conductor laser device in which the overflow of the 
carriers is reduced. 

2. Description of the Prior Art: 

In recent years, the development of semicon- 
ductor laser devices having advantages such as 
being of a small-size, having a high conversion 
efficiency, and available at a moderate price has 
advanced the application of lasers to industrial ma- 
chines and household machines. 

Semiconductor laser devices have been ap- 
plied in a number of fields such as optical commu- 
nication and a light source for reading data from an 
optical disk. It is expected that improvement in 
properties of semiconductor laser devices will con- 
tribute to further enlargement in the range of their 
application. For example, as a light source for 
writing data on an optical disk, a semiconductor 
laser which operates with higher output, oscillates 
at a shorter wavelength and thus enables higher 
recording density is required. 

Figure 3 shows an example of a conventional 
semiconductor laser device 300 of a gain 
waveguide type using an AIGalnP crystal. The 
semiconductor laser device 300 has a separate 
confinement heterostructure including an active lay- 
er 35 with a quantum well structure. 

The semiconductor laser device 300 has an n- 
type GaAs substrate 31, an n-type Gao- 
51 ln 0 .4gPbuffer layer 32, an n-type Al 0 51 Ino^P clad- 
ding layer 33, and an undoped (Alo. 6 Gao.4)o.5ilno.49 
side barrier layer 34, a Gao.51fno.49P quantum well 
active layer 35, an undoped (Al 0 .6Gao.4)o.5ilno,49P 
side barrier layer 37, a p-type Alo.51lno.49P cladding 
layer 38, a p-type Gao.s1lno.49P intermediate layer 
39, and a p-type GaAs contact layer 310, which are 
layered in this order from the lowest side. Each 
crystal layer is successively grown by molecular 
beam epitaxy. The semiconductor laser device 300 
also has a silicon nitride film 313, an Au-Ge-Ni 
electrode 311 and an Au-Ge-Ni electrode 312. 

Figure 4a shows an energy band structure in 
the case where a forward bias is applied to the 
semiconductor laser device 300 so as to inject into 
the active layer 35 a current of the order of a 
threshold value for laser oscillation. The difference 
in energy between the active layer 35 and the side 
barrier layer 37 is not satisfactory for reducing the 
overflow of the carriers, especially electrons in- 
jected into the active layer 35. Under the condition 
that carriers are excessively injected into the active 



layer 35, electrons are leaked out of the active 
layer 35, as illustrated in Figure 4b, causing an 
increase in the threshold current. 

In order to reduce the overflow of the electrons 

5 from the active layer 35, it is required to change 
the composition of the side barrier layer 37 so as 
to increase the difference in energy of the conduc- 
tion band between the active layer 35 and the side 
barrier layer 37. However, energy difference cannot 

10 be made larger than a limited value. For example, 
in the case of a Ga 0 . 5 iln 0 .4aP/(Al x Ga 1 - )( )o.5ilno.49P 
hetero-j unction, the maximum difference in energy 
at x = 0.7 is about 0.15 eV. Another way to reduce 
the electron overflow is to dope the side barrier 

/5 layer 37, thereby increasing the energy level of the 
valence band thereof. A closely related study is 
described in Extended Abstracts of the 22nd (1990 
International) Conference on Solid State Devices 
and Materials, Sendai, pp. 565-568. Figure 5 shows 

20 an energy band structure in the case where the 
side barrier layers 34 and 37 are doped in the 
semiconductor laser device 300 of Figure 3. As 
seen from Figure 5, a potential barrier to the elec- 
trons in the active layer 35 can be substantially 

25 made higher. More specifically, by doping the side 
barrier layer 37, a reverse potential gradient is 
formed against the leaked electrons in the portion 
of the side barrier layer 37 in the vicinity of the 
active layer 35 whereby reducing the overflow of 

ao the electrons. 

Figure 6 is a view showing the height of the 
potential barrier to the electrons, in whicht A Ec is 
the original energy difference of the conduction 
band and 5Ec is the energy difference generated 

as by doping the side barrier layer. The height of the 
potential barrier is determined by the bandgap en- 
ergy Egb and the quasi-Fermi level Epvb of the p- 
doped side barrier layer. In Figure 6, the quasi- 
Fermi level Epvb is expressed as an increase in a 

40 potential with respect to the holes, the top of the 
valence band being the standard. The greater the 
bandgap energy Egb becomes, and the further the 
quasi-Fermi level Epvb enters into the valence 
band, the greater the energy difference 5Ec be- 

45 comes. 

However, since the effective mass of the hole 
is usually larger than that of the electron, the quasi- 
Fermi level Epvb of the holes even at the increased 
carrier concentration, does not easily enter into the 

50 valence band as the quasi-Fermi level Epvb of the 
electrons enter into the conduction band. Figure 7 
shows the difference with respect to the carrier 
concentration between the quasi-Fermi level of the 
holes and that of the electrons in case of GaAs, 

55 and the similar tendency is generally observed in 
the other semiconductor materials. Accordingly, the 
potential barrier cannot be easily made high by 
doping the side barrier layer. In addition, when the 
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composition itself of the side barrier layer is 
changed so as to increase the bandgap energy 
Egb, for example, the ratio of Al is increased in an 
AIGaAs mixed crystal on an AIGalnP mixed crystal, 
the bandgap energy Egb reaches the maximum at 
the point where the energy difference of the in- 
direct transition becomes smaller than that of the 
direct transition, and cannot be made larger any- 
more even by further changing the composition. 

SUMMARY OF THE INVENTION 

The semiconductor laser device of this inven- 
tion comprises a substrate; a double hetero struc- 
ture including an n-type cladding layer, an active 
layer, and a p-type cladding layer which are 
formed on an upper face of the substrate; and 
electrodes formed on a lower face of the substrate 
and on an upper face of the double hetero struc- 
ture, wherein the double hetero structure further 
includes a p-type hetero-barrier layer formed be- 
tween the p-type cladding layer and the active 
layer, and the p-type hetero-barrier layer is strained 
by compression due to a lattice mismatch. 

Alternatively, the semiconductor laser device of 
this invention comprises an n-type substrate; an n- 
type cladding layer formed on an upper face of the 
n-type substrate; an n-type side barrier layer 
formed on an upper face of the n-type cladding 
layer; an undoped active layer with a quantum well 
structure, formed on an upper face of the n*type 
side barrier layer; a p-type hetero-barrier layer 
formed on an upper face of the undoped active 
layer; a p-type side barrier layer formed on an 
upper face of the p-type hetero-barrier layer; a p- 
type cladding layer formed on an upper face of the 
p-type side barrier layer; a p-type contact layer 
formed on an upper face of the p-type cladding 
layer; and electrodes formed on a lower face of the 
n-type substrate and on an upper face of the p- 
type contact layer, wherein the p-type hetero-bar- 
rier layer is strained by compression due to a 
lattice mismatch. 

Thus, the invention described herein makes 
possible the advantage of providing a semiconduc- 
tor laser device in which a potential barrier to 
electrons in an active layer is increased and thus 
carrier overflow which hinders high output opera- 
tion of the laser device is reduced. 

These and other advantages of the present 
invention will become apparent to those skilled in 
the art upon reading and understanding the follow- 
ing detailed description with reference to the ac- 
companying figures. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view showing an 
example of an AIGalnP semiconductor laser device 
5 according to the present invention. 

Figure 2 is a cross-sectional view showing an- 
other example of the AIGalnP semiconductor laser 
device according to the present invention. 

Figure 3 is a cross-sectional view showing a 
70 conventional AIGalnP semiconductor laser device. 

Figure 4a is a graph showing an energy band 
structure in the vicinity of the active layer of the 
semiconductor laser device of Figure 3. 

Figure 4b is a graph showing a distribution of 
75 electrons in the vicinity of the active layer of the 
semiconductor laser device of Figure 3. 

Figure 5 is a graph showing an energy band 
structure in the case where the side barrier layer 
between the active layer and the p-type cladding 
20 layer is doped in the semiconductor laser device of 
Figure 3. 

Figure 6 is a graph showing a height of a 
substantial potential barrier to electrons. 

Figure 7 is a graph showing the difference 
25 between the quasi-Fermi level of the electrons and 
the quasi-Fermi level of the holes with respect to 
the concentration of carriers in GaAs. 

Figure 8 is a graph showing a change in an 
energy band structure caused by the compression 
30 strain. 

Figure 9 is a graph showing a change in an 
energy band structure in the vicinity of an active 
layer in the case where a mixed crystal strained by 
compression is formed as a hetero-barrier layer 
35 between the active layer and the p-type side bar- 
rier layer. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

40 

In the semiconductor laser device according to 
the present invention, a mixed crystal strained by 
compression is used as a p-type hetero-barrier 
layer which is disposed in contact with an active 

45 layer, whereby increasing the potential barrier to 
the electrons in the active layer. 

Figure 8 shows that, when a mixed crystal is 
strained by compression, the bandgap energy Egb 
is increased compared with that in a non-strain 

so state. In Figure 8, the conduction band is supposed 
to be constant and the relative decrease in the 
valence band of the heavy holes is shown. In 
addition to the above effect, the compression strain 
has great effects on the structure of a valence 

55 band; in particular, the effective mass of a heavy 
hole situated at the highest energy position of the 
valence band is decreased, and thus a state den- 
sity thereof is decreased. As a result, when a 
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mixed crystal is strained by compression, the 
quasi-Fermi level of the holes deeply enters into 
the valence band, compared with the case when 
the mixed crystal is doped with the same amount 
of dopants but is not strained. Thus, the compres- 
sion strain applied to a mixed crystal decreases the 
effective mass of the holes in the valence band, 
and makes the quasi-Fermi level of the holes enter 
into the valence band even when the carrier den- 
sity is low. These effects are known to be applied 
for a semiconductor laser device having an active 
layer strained by compression, in which the 
Bernard-Duraffourg condition is satisfied with low 
carrier density, whereby the threshold current for 
laser oscillation can be reduced. Extended Ab- 
stracts (The 52nd Autumn Meeting, 1991); The 
Japan Society of Applied Physics, 9p-ZM-12, p. 
976. 

Figure 9 shows an energy band structure in the 
vicinity of the active layer when a mixed crystal 
strained by compression is used as a hetero-barrier 
layer disposed in contact with an active layer. In 
Figure 9, A Ec is the original energy difference of 
the conduction band and 5Ec is the energy dif- 
ference generated by the compression strain. Be- 
cause of the compression strain, the bandgap en- 
ergy Egb and the quasi-Fermi level Epvb of the 
hetero-barrier layer are increased, and the height of 
the substantial barrier which is expressed as A Ec 
+ 5Ec can be increased. Here, it is required that 
the thickness of the side barrier layer strained by 
compression is equal to or less than that of a 
critical thickness so as not to cause transition de- 
fects due to strain. For example, when the hetero- 
barrier layer is to be formed of AIGalnP strained by 
compression due to a lattice mismatch of 1%, the 
thickness of up to about 30 nm can be realized. 
This thickness is sufficient for securing a substan- 
tially high potential barrier to the electrons. 

Examples 

Hereinafter, the present invention will be de- 
scribed by way of illustrating examples. 

Figure 1 is a cross-sectionaJ view showing an 
example of a visible light semiconductor laser de- 
vice of a gain waveguide type 100, in which an 
active layer 15 has a Gao.5tno.5P quantum well 
structure. 

The semiconductor laser device 100 has been 
formed as follows. On an n-type GaAs substrate 
11, an n-type Gao.51lno.49P buffer layer 12 (0.5 am 
in thickness), an n-type Al a51 ln 0 .4gP cladding layer 
13 (1.0 urn in thickness), an n-type {AI0.55Gao.45)- 
o.5ilno.49P side barrier layer 14 (60 nm in thick- 
ness), an undoped Gao.5lno.5P quantum well active 
layer 15 (10 nm in thickness), a p-type AI0.4ln0.eP 
strained hetero-barrier layer 16 (20 nm in thick- 



ness), a p-type (Alo.55Gao.45)o.5i'no.49P s '^ e Darner 
layer 17 (40 nm in thickness), a p-type Alo.51lno.49P 
cladding layer 18 (0.8 urn in thickness), a p-type 
Gao.51lno.49P intermediate layer 19 (50 nm in thick- 
5 ness), and a p-type GaAs contact layer 110 (0.5 
urn in thickness) are successively layered in this 
order. 

Each of the above semiconductor layers is 
grown by molecular beam epitaxy. On the surface 

to of the contact layer 110, a silicon nitride film 113 is 
formed. A window region 114 is formed in the 
silicon nitride film 113 by using photolithography, 
so as to expose a surface of the contact layer 110. 
Then, an Au-Zn electrode 111 is layered on the 

75 surface of the silicon nitride film 113 and the ex- 
posed surface of the contact layer 110. Further, an 
Au-Ge*Ni electrode 112 is formed on the rear face 
of the substrate 11, thereby obtaining the semicon- 
ductor laser device 100. 

20 The buffer layer 12, the cladding layer 13, the 
side barrier layer 14, the active layer 15, the side 
barrier layer 17, the cladding layer 18, and the 
intermediate layer 19, all of which are AIGalnP 
mixed crystal layers, respectively have a composi- 

25 tion which lattice-matches with GaAs. The p-type 
hetero-barrier layer 16 alone has a lattice mismatch 
of approximately 0.9% with respect to the active 
layer 15 and is thus strained by compression. In 
this specification, the lattice mismatch means the 

30 ratio of the lattice constant of one semiconductor 
layer to that of another semiconductor layer. 

The bandgap energy of the p-type hetero-bar- 
rier layer 16, if it is not strained by compression, is 
the same as those of the side barrier layers 14 and 

35 17, which is about 2.25 eV in a direct transition 
region. The bandgap energy of the p-type hetero- 
barrier layer 16 strained by compression is larger 
than 2.25 eV. 

Figure 2 is a cross-sectional view showing an- 

40 other example of a visible light semiconductor laser 
device of a gain waveguide type 200. In this de- 
vice, an active layer 25 has a Gao.55lno.45P quantum 
well structure. 

The semiconductor laser device 200 has been 

45 formed as follows. On an n-type GaAs substrate 
21, an n-type Gao.51lno.49P buffer layer 22 (0.5 um 
in thickness), an n-type AI 0 , 5 iln a4 gP cladding layer 
23 (1.0 um in thickness), and an n-type 
(Al 0 .55Gao.45)o.5iln 0 .49P side barrier layer 24 (60 nm 

50 in thickness), an undoped Gao.55lno.45P quantum 
well active layer 25 (10 nm in thickness), a p-type 
Al0.4ln0.eP hetero-barrier layer 26 (20 nm in thick- 
ness), a p-type (Al 0 .55<3ao .45)0.51 1 no.4gP side barrier 
layer 27 (40 nm in thickness), a p-type AI0.51ln0.49P 

55 cladding layer 28 (0.8 u,m in thickness), a p-type 
Gao.51lno.4gP intermediate layer 29 (50 nm in thick- 
ness) and a p-type GaAs contact layer 210 (0.5 um 
in thickness) are successively grown in this order 
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by molecular beam epitaxy. A silicon nitride film 
213, an Au-Zn electrode 211 and an Au-Ge-Ni 
electrode 212 are formed in a manner similar to the 
case of the semiconductor laser device 100. 

In the semiconductor laser device 200 pro- 5 
duced as above, the hetero-barrier layer 26 has a 
lattice mismatch of approximately 0.5% with re- 
spect to the active layer 25, and thus has an 
increased bandgap energy due to the compression 
strain. 10 

In the above examples, the semiconductor la- 
ser device having the GalnP quantum well active 
layer and the AllnP hetero-barrier layer is de- 
scribed. Alternatively, the semiconductor laser de- 
vice of the present invention may include a double- 75 
heterostructure having an active layer made of usu- 
al bulk instead of a quantum well active layer. 
Moreover, the active layer or the hetero-barrier 
layer or both may be made of an AIGalnP mixed 
crystal. 20 

In addition, the semiconductor laser device of 
the present invention may also be produced by 
using other mixed crystals such as an InGaAs 
mixed crystal as long as it is possible to form a 
strained hetero-barrier layer having a lattice mis- 25 
match. Furthermore, the semiconductor laser de- 
vice of the present invention may be produced by 
a crystal growth method other than molecular beam 
epitaxy. 

According to the present invention, the p-type 30 
hetero-barrier layer which is made of a mixed cry- 
stal strained by compression is disposed in contact 
with the active layer, whereby a potential barrier to 
the electrons in the active layer can be increased. 
Thus, the carrier overflow is reduced effectively, 35 
resulting in the high output operation of the semi- 
conductor laser device. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 40 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to 
the description as set forth herein, but rather that 
the claims be broadly construed. 

45 

Claims 



type hetero-barrier layer is strained by com- 
pression due to a lattice mismatch. 

2. A semiconductor laser device according to 
claim t , further comprising an n-type side bar- 
rier layer between the n-type cladding layer 
and the active layer, and a p-type side barrier 
layer between the p-type hetero-barrier layer 
and the p-type cladding layer, wherein the 
active layer has a quantum well structure. 

3. A semiconductor laser device according to 
claim 1, wherein the active layer and the p- 
type hetero-barrier layer are respectively made 
of an AIGalnP-type semiconductor. 

4. A semiconductor laser device according to 
claim 1, wherein the thickness of the p-type 
hetero-barrier layer is in the range of about 10 
nm to about 30 nm. 

5. A semiconductor laser device according to 
claim 1, wherein the lattice mismatch is in the 
range of about 0.2% to about 2%. 

6. A semiconductor laser device comprising an n- 
type substrate; an n-type cladding layer 
formed on an upper face of the n-type sub- 
strate; an n-type side barrier layer formed on 
an upper face of the n-type cladding layer; an 
undoped active layer formed on an upper face 
of the n-type side barrier layer, the undoped 
active layer having a quantum well structure; a 
p-type hetero-barrier layer formed on an upper 
face of the undoped active layer; a p-type side 
barrier layer formed on an upper face of the p- 
type hetero-barrier layer; a p-type cladding 
layer formed on an upper face of the p-type 
side barrier layer; a p-type contact layer 
formed on an upper face of the p-type clad- 
ding layer; and electrodes formed on a lower 
face of the n-type substrate and on an upper 
face of the p-type contact layer, wherein the p- 
type hetero-barrier layer is strained by com- 
pression due to a lattice mismatch. 



1. A semiconductor laser device comprising a 
substrate; a double hetero structure formed on 
an upper face of the substrate, the double 
hetero structure including an n-type cladding 
layer, an active layer, and a p-type cladding 
layer; and electrodes formed on a lower face 
of the substrate and on an upper face of the 
double hetero structure, wherein the double 
hetero structure further includes a p-type 
hetero-barrier layer formed between the p-type 
cladding layer and the active layer, and the p- 
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